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§20. Numerical Analysis of Forced Convective 
Heat Transfer in Helium II 
Fukuda, K. (Dept. Nucl. Eng., Kyushu U.) 
Numerical Analysis is performed on forced 
convective heat transfer characteristics of 
superfluid Helium (Helium II) which is the 
candidate for the coolant of the superconductor 
magnet coil. A computer code is developed based 
on the following two-fluid model for Helium II. 
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where subscripts s and n denote super and normal 
components respectively, FGM is Gorter-Mellink 
mutual friction term, and Frel chemical potential 
term. The other symbols have their conventional 
definitions. The entropy transport or energy 
equation is theoretically proved to be an equivalent 
of the following equation under conditions of low 
pressure and temperature gradients with small 
relative velocity. 
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which has been referred in literatures as one-
equation or simplified model 
In Fig.1, steady-state results by the two-fluid 
and simplified models are compared with the 
experimental data by Srinivasan et al. [ 1] for an 80 
em Helium II flow channel with a heat source at its 
center. The good agreement demonstrates the 
validities of both the two-fluid and simplified 
models under these conditions. 
Fig.2 shows transient response of axial heat flux 
due to the internal convection after a pulse heating 
at the channel center. A flat distribution can be seen 
26 
developing from the dimensionless time 0.16, 
which indicates the possibility that there exists an 
upper limit for heat transport by the internal 
convection under some thermodynamic conditions. 
The physical interpretation of this phenomenon 
needs further investigation. 
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Fig.l Comparison of numerical results and 
experimental data 
N' 
E 
u 
~ 
-2 
-1 
pulse heat input : -- __ 
ut/L 
------- : 0.12 
-----: 0.16 
----: 0.20 
--:0.24 
0 
z/L 
Fig.2 Transient response of axial, internal-
convection heat flux. 
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